The mass-size relation of early-type galaxies has been largely studied in the last years to probe the mass assembly of the most massive objects in the Universe. Recent work has established that their median size at fixed stellar mass increased by a factor of a few in the last ∼ 10 Gyrs. The exact mechanisms provoking this growth are still a matter of debate. We have shown in previous work how the study of the masssize relation in different environments can provide important constraints to galaxy evolution models.
INTRODUCTION
The mass assembly of the most massive galaxies in the universe is still an open issue. For a long time, the unic 2002 RAS formity of their stellar populations together with their regular morphology have been interpreted as signs of a relatively quiet life, dominated by a strong starburst at very early epochs followed by a passive evolution (Partridge & Peebles 1967; Larson 1975) . The discovery of a population of massive early-type galaxies (ETGs) at high redshift, on average 2 − 5 times more compact than their local counterparts is the evidence of a size growth that is not predicted by this simple scenario (Daddi et al. 2005; Trujillo et al. 2006) . Even though the exact abundance of these compact objects in the local universe is still debated today (Valentinuzzi et al. 2010a; Poggianti et al. 2012; Trujillo et al. 2012) , it is accepted that at least a fraction of massive ETGs needs to significantly increase the size over the last 10 Gyrs (Buitrago et al. 2008; Saracco et al. 2011; Martinez-Manso et al. 2011; van de Sande et al. 2011; Raichoor et al. 2012; Newman et al. 2012 , and references therein).
Two physical processes are usually invoked to explain such a growth but none of them is able to reproduce all the observed trends. Intense AGN activity can expel the gas of the galaxy in a relatively short amount of time leading to a redistribution of the gravitational potential and hence to an increase of the size (Fan et al. 2008 (Fan et al. , 2010 . Recent numerical simulations by Ragone-Figueroa & Granato (2011) have shown however that the typical time scale for this process is only of a few Myrs which seems difficult to reconcile with the low dispersion in the ages and sizes of compact galaxies at high redshift (e.g. Trujillo et al. 2011 ). On cosmological time scales, dry minor mergers can also lead to a growth of the galaxy by spreading stars in the outer parts after the merger event, without significantly increasing the stellar mass (Naab et al. 2009; Bezanson et al. 2009; Hopkins et al. 2009; Bernardi 2009; Shankar et al. 2010 Shankar et al. , 2013 van Dokkum et al. 2010 ). This scenario is particularly attractive because it can explain many of the observed properties of these objects (scatter, inside out growth...) and minor merging are known to be frequent events in a CDM cosmology. Extremely deep imaging of nearby ETGs has indeed revealed signs of disturbances in the outskirts of many of these galaxies (Duc et al. 2011) . The direct observation of such minor mergers remains a challenge at high redshift, and there are still several open questions (e.g. Díaz-García et al. 2013) . Newman et al. (2012) found that the number of observed satellites around massive galaxies can account for the measured size growth from z = 1 only if short dynamical time scales are assumed. Similar conclusions are also reached by López-Sanjuan et al. (2012) who invoked a progenitor bias to explain the excess of growth they measure. Huertas-Company et al. (2013) also showed that several hierarchical models based on the Millennium merger trees struggle to fully reproduce the amount of evolution reported by the data at fixed stellar mass.
Environment is an additional variable that can be analyzed to disentangle between different scenarios, as we have shown in several recent works (Raichoor et al. 2012 , HuertasCompany et al. 2013 ). Several hierarchical models predict indeed a correlation between galaxy size and the environment in which the galaxy lives, with larger galaxies in denser environments (?, in preparation).
Observational results up to now have been controversial though. In the local universe, Huertas-Company et al. (2013) did not find any trend with environment (see also Guo et al. 2010 , Weinmann et al. 2009 ) for massive galaxies in the SDSS while Poggianti et al. (2012) found that cluster galaxies are slightly smaller than field galaxies at fixed stellar mass (see also Valtentinuzzi et al. 2010) . Both results are at variance with first level predictions of some semianalytical models (Huertas-Company et al. 2013 ). At z < 1, Huertas-Company et al. (2013) again did not find any difference between group and field galaxies at z < 1 whearas Cooper et al. (2012) found that galaxies living in denser environments are larger although they measured the density of the environment in a different way. At higher redshifts (z > 1) the situation is even worse since having a statistically significant sample of massive clusters at z > 1 was almost impossible until very recently. The first works exploring that redshift range were based on one single cluster (Raichoor et al. 2012; Papovich et al. 2012 ) and results are not in agreement.
In this work, we make a step forward by analyzing a sample of 9 well known massive clusters (M h ∼ 10 14 M⊙) at 0.8 z 1.5 from the HAWK-I Cluster survey (Lidman et al., in preparation) , to look for differences in the sizes of massive ETGs in cluster and field environments. All clusters but two have extended X-ray emission, between 20 and 100 spectroscopically confirmed members and have been observed with at least two filters with the Hubble Space Telescope (HST) Advanced Camera for Surveys (ACS).
The paper is organized as follows: in section 2, we present the dataset and describe the general methodology used to estimate sizes, masses and morphologies of cluster galaxies. In section 3, we describe the field galaxy sample used for comparison. We show our results in section 4 and discuss them in section 5.
Throughout the paper, magnitudes are given in the AB system (Oke & Gunn 1983; Sirianni et al. 2005 ) for all passbands. We assume a standard cosmological model with ΩM = 0.3, ΩΛ = 0.7 and H0 = 70 km s −1 Mpc −1 and use a Chabrier IMF.
DATA AND SAMPLE SELECTION

Cluster selection
Our targets have been selected according to the following criteria: (1) they cover a broad redshift range 0.84 < z < 1.45; (2) they have been imaged with the HST/ACS in at least two bandpasses and have deep ground-based images in the near-IR; (3) they have at least 10 spectroscopically confirmed cluster members.
All camera on HST in the context of the ACS Intermediate Redshift Cluster Survey (Ford 2004; Postman et al. 2005; Mei et al. 2009 ) and these data have been included.
Eight of the nine clusters in this paper were targeted in the European Southern Observatory (ESO) HAWK-I 1 cluster survey (HCS: Lidman et al. in prep) . The HCS is a near-IR imaging survey that targeted nine well known high redshift galaxy clusters between z = 0.8 and 1.5. The aim of the survey was to obtain deep, high-resolution images of a sample of clusters for the purpose of studying the impact of environment on the evolution of cluster members. The ninth cluster in our sample, RDCS J1252-2827, was imaged with ISAAC 2 (Lidman et al. 2004) . For some clusters, we also use J-band images from ESO/SofI 3 . A summary of the observations is given in Table 1 and the physical properties of each cluster are summarized in table 2 (see also appendix A for more details on each individual cluster). We also show in figures 1 and 2 a color images of two of the clusters in our sample.
Photometry and object detection
Object detection is performed in the Ks band using Sextractor (Bertin & Arnouts 1996) and then the resulting catalog is matched in the other wavelengths, to obtain MAG AUTO magnitudes. Colors are computed with aperture magnitudes within an effective radius for each galaxy (estimated from the 2D Sersic best fit -see section 2.3), to avoid systematics 1 High Acuity Wide-field K-band Imager 2 Infrared Spectrometer And Array Camera 3 Son of ISAAC due to internal galaxy gradients (van Dokkum et al. 1998 (van Dokkum et al. , 2000 Scodeggio 2001) .
Previous works have shown that photometric errors estimated by Sextractor are underestimated (e.g., Benítez et al. 2004; Giavalisco et al. 2004; Raichoor et al. 2011) . We therefore estimate photometric errors on the aperture magnitudes through simulations. For each filter, we simulate 10, 000 galaxies between 20 and 25 mag and then drop the simulated objects in a similar background than the one of the real image (see section 2.3 for more details on the simulations). Simulated galaxies are then recovered with Sextractor. We compare input and output magnitudes and we estimate the photometric errors as the scatter in magnitude bin of 0.2 mags. For the ACS filters, typical errors on colours within the effective radius are around ∼ 0.03 − 0.07 mag whereas Sextractor errors are in average ∼ 0.02 mag. All errors are summarized in figure 3. As already shown in previous work (e.g., Benítez et al. 2004; Giavalisco et al. 2004; Mei et al. 2009 ), we also found a systematic shift of 0.2 mag between input and recovered Sextractor MAG AUTO magnitudes.
Sizes
We use GALAPAGOS (Barden et al. 2005) to estimate the sizes of all detected galaxies in the ACS/HST i775-band for the two closest clusters RX0152 at z = 0.84 and RCS2319 at z = 0.91 and the z850-band for the others. Our sizes are therefore derived in the B rest-frame band for all clusters. We notice that we do not expect significant differences (∼ 20%) with sizes estimated in redder bands as demonstrated by Cassata et al. GALAPAGOS is an IDL based pipeline to run Sex- Hilton et al. (2010) . Table 2 . Cluster physical properties from Jee et al. (2011) . From left to right, columns show the cluster redshift, the velocity dispersion, the X-ray temperature, the X-ray mass, the virial radius and the lensing mass. a Demarco et al. tractor and GALFIT (v3.0.2, Peng et al. 2002) specially designed to be used on large datasets. On each detected source, GALFIT models a galaxy light profile using a 2D Sersic profile (Sersic 1968 ) with a fixed sky value previously estimated by GALAPAGOS. We let the default constraints on the Sersic index n, the effective radius re, the axis ratio q, the position angle P.A. and the magnitude to run GAL-FIT: 0.2 < n < 8, 0.3 < re < 750 pix, 0.0001 < b/a < 1, −180
• < P.A. < 180 • , 0 < mag < 40 and −5 < δmag < 5 and use a synthetic PSF from Tiny Tim (Krist et al. 2011 ).
The sky is fixed and measured by GALAPAGOS before running GALFIT in a 3× enlarged isophotal stamp. GALAPAGOS uses a flux growth method to estimate the sky around an object. It calculates the average flux in an elliptical annuli centered on the object excluding other detected sources to obtain the flux as a function of radius. Once the slope levels off, it determines the sky from the last few annuli.
In the following, we use as primary size estimator the circularized effective radius defined by:
The accuracy of our size estimates is assessed through extensive simulations in which we drop mock galaxies in real background images. The background is built as a composite image of empty regions distributed in all the fields. We generate 3000 galaxies with random magnitudes in the range 20 < z850 < 26 mag, and a Sersic profile with random effective radii, Sersic indices and ellipticities. These properties are taken randomly following the real distributions: effective radius distribution peaks at re = 0.4 arcsec with a dispersion of σr e = 0.24, Sersic indices peaks at n = 3.7 with σn = 1.5, e = 0.67 with σe = 0.17, and magnitudes peaks at z850 = 24 mag with z850 = 1.5. A Poisson noise is added and the simulated galaxy is convolved with a PSF. We then run GALAPAGOS on the mock dataset and compare the output and input parameters. Results are shown in figure 4 and table 3 as a function of the input surface brightness, µin = magin + 2.5 log(2πr Figure 3 . Photometric errors corresponding to the scatter between input and output magnitudes in simulations for each cluster in the bands used for colours. In this way, we estimate a maximal error on aperture magnitude in each bandpass.
the z850 band images. Our main conclusion after inspection of figure 4 is that results are robust for objects brighter than 24 mag/arcsec 2 . Sizes can be recovered with a systematic error lower than 10% and a dispersion lower than 30% up to µ = 24 mag/arcsec 2 (see Table 3 for errors details). Similar conclusions hold when the i775 band is used instead of the z850 band.
Since the size measurements are very sensitive to the sky estimate, especially in dense regions such as clusters we double checked the robustness of our size estimates by running GALFIT a second time with a sky value estimated with the method described in Raichoor et al. (2012) . We find that both methods deliver consistent size measurements at 1σ level.
Stellar masses
We estimate stellar masses of our galaxies through SED fitting using the spectral library of Bruzual & Charlot (2003) (hereafter, BC03) with the LePhare code (Arnouts et al. 1999; Ilbert et al. 2006) . We consider galaxy templates from stellar population models with a Chabrier (2003) IMF, 3 different metallicities (Z = 0.004, Z = 0.008 or Z = 0.02), exponentially declining star formation histories (SFH) ψ(t) ∝ e −t/τ with a characteristic time 0.1 ≤ τ (Gyr) ≤ 30, and no dust extinction. The redshift of the galaxy is fixed to the cluster redshift before performing the fit, to avoid degeneracies between redshift and stellar mass. We use MAG AUTO magnitudes in all available filters (i, z, J and K for RX0152, r, i, z and K) with errors estimated as explained in section 2.2.
Morphologies
Deriving morphologies of z > 1 galaxies remains a challenge even with the high spatial resolution delivered by the HST. Therefore, in this work, we estimate B-rest frame morphologies visually and with an automated method. We only derive morphologies for galaxies with z850 < 24 mag since a visual inspection and also preliminary tests with our automated Figure 4 . In the left pannels, difference between the estimated parameter by GALFIT and the input parameter in function of the surface brightness (as follows δre = (re,out − r e,in )/r e,in , δmag = (magout − mag in ), δn = (nout − n in )/n in ), and in the right pannels, mean value and scatter estimated in different bins with the 3σ-clipping method. Table 3 . Bias and dispersions in the results of simulated quantities (re, mag, n) for different surface brigthness bins (left column).
algorithms indicate that galaxies fainter than this magnitude have a signal-to-noise ratio too low to derive reliable classifications (see also, e.g. Postman et al. 2005) .
Automated morphologies
For the automated morphological classification, we use GalSVM, a non-parametric code based on support-vector machines (Huertas-Company et al. 2008 , 2009 . The code follows a bayesian approach to associate a probability to each galaxy to be of a given morphological type, previously defined by the user. GalSVM is trained on a local sample with known visual morphologies chosen at the same rest-frame band than the high redshift sample. The training set is then moved at high redshift (which includes image degradation, resampling...) and dropped in the high-z real background. The code measures afterwards a set of morphological parameters (asymmetry, concentration, smoothness, ...) on the simulated dataset and trains a support vector machine. During the classification process, possible systematic errors detected in the testing step are taken into account. The local sample used in this work is a catalogue from the Sloan Digital Sky Survey DR7 of about 14,000 galaxies visually classified (Nair & Abraham 2010) . For each cluster, we took a sample of 3500 galaxies and used 3000 for training and 500 to estimate errors. In this work, galaxies are classified into three morphological classes (ellipticals, lenticulars and spirals/irregulars). We refer the reader to Huertas-Company et al. (2013) for more details on how these classes are defined. However, in the following we will only focus on ETGs (including ellipticals and lenticulars) defined as those objects with P (ET G) > 0.5 (some example stamps are shown in figure 5).
Visual morphologies
Three of us (LD, MHC and SM) also visually classified all the sample in the same three morphological classes (elliptical, lenticular and spiral/irregular). For the final visual S0 -z=1.23 E -z=1.45 E -z=0.84 S0 -z=1.03 Figure 5 . Early-type galaxies in four different clusters.
classification we only keep objects for which at least two classifiers agree. A general good agreement is found between visual and automated classification of ETGs, i.e. we measure between 2 and 15% disagreement (depending on the cluster -see table 4) which corresponds to an average of 5 ± 2% discrepancy in the whole cluster ETGs selection. The level of discrepancy between ellipticals and lenticulars visually and automatically classified is logically higher and reaches ∼ 30%. Interestingly, this is roughly the same level of agreement expected between two independent human classifiers (see also Postman et al. 2005) .
We also compared our morphologies to published results. Two of the clusters (XMM1229 and XMM2215) have indeed available visual morphologies for some objects which we have compared to our automated determination:
• Santos et al. (2009) visually classified 26 galaxies in XMM1229. Our automated classification agrees at an 85% level with their results. Only 4 galaxies have an associated probability smaller than 0.5 and are visually classified as ETGs by Santos et al. (2009) .
• A similar study was done in XMM2215, the most distant cluster in our sample at z = 1.45, by Hilton et al. (2009) who visually classified 36 galaxies with z850 < 24 mag. For that particular dataset, we find that 22% (8 galaxies) of the objects have different classifications. A similar level of disagreement (14% (5)) is however measured between our visual classification and the published one.
We will discuss how the differences between the different morphological classifications affect our main results in section 4.4.
Sample selection
In the remaining of this work we will consider only galaxies with z850 < 24 mag in order to have accurate size estimates and morphologies (see sections 2.3 and 2.5). Several further selections to build our final sample of cluster members are done, which are detailed in the following.
(i) Since we are interested in passive ETGs, we use the red-sequence to determine cluster members when no spectroscopic redshift is available. We therefore selected objects belonging to the cluster according to their position in the observed color-mag plane closer to the rest frame (U − B) versus B plane. The magnitudes used change therefore from cluster to cluster depending on the redshift ( fig. 6 ). Colors are measured as explained in section 2.2, i.e. within an aperture of one effective radius. For each cluster, we then fit a linear red sequence (color = a + b × mag), using only spectroscopically confirmed members and then select cluster members within 3σ of the best fit ( fig. 6 ). The fit is performed with an iterative sigma-clipping linear regression and the scatter σ is computed with a robust standard deviation based on bi-square weights (Tukey's biweight Press et al. 1992) . We measure a fraction of outliers, corresponding to the fraction of galaxies with a spectroscopic redshift outside the cluster, between 5 and 20% (see details in table 4), which are removed from the final selection. Only two clusters, RCS2319 and XMM2235, have larger contaminations (31% and 44% respectively).
An alternative to the red-sequence based selection is a selection based on photometric redshifts, which has in principle the advantage of selecting all members independently of their star formation activity. We therefore obtained photometric redshifts for all the detected sources through SED fitting with two different codes: LePhare (Arnouts et al. 1999; Ilbert et al. 2006 ) and EAZY ). For LePhare, we used synthetic galaxy templates from Bruzual and Charlot (2003) models with a Chabrier (2003) IMF, three different metallicities (Z = 0.004, Z = 0.008 or Z = 0.02), exponentially declining star formation histories (SFH) ψ(t) ∝ e −t/τ with a characteristic time 0.1 ≤ τ (Gyr) ≤ 30, and no dust extinction (e.g., Ilbert et al. 2006 ). For EAZY, we kept default settings and a K-band magnitude prior. We then consider that a galaxy belongs to a given cluster if |z phot − z cluster | < ∆z with ∆z changing from cluster to cluster to maximize the completeness and minimize the contamination simultaneously based on the spectroscopic sample only as described in Pelló et al. (2009) . When no color preselection is made, the average level of contamination is very high, ∼ 40%, which is probably due to the fact that our sample lacks of blue filters. If instead, we restrict to red galaxies by applying a colour cut (r625 − i775 > 0.8, i775 − z850 > 0.5 and i775 − Ks > 1.8), we still find large contaminations (∼ 40 − 50%) with the 2 algorithms for the two most distant clusters (XMM2235 and XMM2215) and a contamination around 15 − 35% for z < 1.3 clusters. These values are still larger than what is obtained with the redsequence selection, so we decided not to use photometric redshifts for selecting cluster members in this work.
(ii) Among the selected red-sequence population we then select ETGs based on our automated classifications as described in section 2.5. A selection based on visual morphologies leads to similar results given the (iii) We also remove objects for which the Sersic fits did not converge (see section 2.3 for size determination method). We consider that the fitting procedure has converged if mag ≤ 24, |M galf it − MSEx| < 0.8, 0.1 < R ef f < 1.6" and n = 8. We obtain less than 1% non converged fits for cluster ETGs selected on the red sequence with log(M/M⊙) ≥ 10.5 and z850 < 24 mag. Exact numbers are detailed in table 4. This number is negligible compared to the total number of selected passive ETGs, so it has no impact in our results.
(iv) Finally, we keep only ETGs with a stellar mass greater than 3×10
10 M⊙ to keep a complete sample. We used two different approaches to estimate the mass completeness. First, following Pozzetti et al. (2010) , for each passive ETG with spectroscopic redshift, we compute the limiting stellar mass (M lim ) given by log(M lim ) = log(M )−0.4(z850 −z lim ) where z lim = 24 mag in our case. We use the limiting mass of the 20% faintest galaxies at each cluster redshift and estimate that way the mass limit at 80% completeness. As shown in figure 7, our sample is 80% complete for galaxies with stellar mass greater than log(M/M⊙) = 10.2 at z ∼ 1 and log(M/M⊙) = 10.8 at z ∼ 1.45. Second, we used an approach similar to Bundy et al. (2010) and estimated the apparent magnitude in the z-band of a typical passive galaxy using stellar population models (i.e. solar metallicity and no dust and with a τ = 0.5 Gyr burst of star formation occurring at z f = 5). At z = 1.45, the redshift of the most distant cluster, a galaxy of z850 = 24 mag has a stellar mass of log(M/M⊙) = 10.7 which is roughly consistent with the estimate. We also make sure that, with the depth of our images, we detect > 90% of the galaxies with z850 < 24 mag through simulations ( fig. 8 independently of their size).
The final cluster sample contains 319 cluster galaxies, among which 149 are spectroscopically confirmed members. Details are given in table 4.
FIELD COMPARISON SAMPLE
In order to disentangle the environmental effects on the size evolution of passive ETGs, we define a field sample from a combination of four different datasets to be compared with our main cluster sample.
(i) A first set of galaxies is built by putting together all foreground and background galaxies detected in the clusters fields with spectroscopic redshifts (|z − z cl | > 0.02) in the redshift range 0.7 < z < 1.6. We then apply the same colour selection than for cluster galaxies (see section 2.6). This ensures a subsample with exactly the same properties in terms of resolution and depth than the main cluster sample. All derived quantities (stellar masses, sizes and morphologies) are therefore obtained with the same methods described for the cluster sample in section 2. This first field sample is referred in the following as the HCS field sample and contains 30 galaxies.
(ii) To increase the number of field galaxies, we add a sample of galaxies from the COSMOS survey (Scoville et al. 2007 ) (referred in the following as the COSMOS sample) with photometric redshifts between z = 0.7 and z = 1.6 from George et al. (2011) and sizes from Huertas-Company et al. (2013) . Passive galaxies are selected using the colour selection NUV − R > 3.5 (Ilbert et al. 2010 ) corrected from dust extinction where NUV is the near ultraviolet band from Galex and R is an optical band from Subaru Telescope. Sizes are estimated using also GALAPAGOS on the HST/ACS F814W (i-band) images as described in Huertas-Company et al. (2013) . Since galaxies in the COSMOS sample are selected based on the i-band magnitude (i < 24), we have checked the reliability of the size estimates in the redshift range explored by carrying out similar simulations than for the main sample. We find comparable results than for the HCS objects brighter than z850 = 24 mag (i.e. systematic error lower than 0.1 and a reasonable scatter lower than 0.2 up to i < 24 mag Huertas-Company et al. 2013) . However, the i-band selection implies a mass completeness close to 10 11 M⊙ at z ∼ 1.5 (extrapolation of figure 4 of Huertas-Company et al. 2013) , and the COSMOS sample is therefore less complete than our main cluster sample (see section 2.6). We will discuss the effects of this when discussing our main results. Stellar masses are estimated using the LePhare software with BC03 library and a Chabrier IMF with all the available filters in COSMOS with the same parameters used for the HCS cluster and field samples. Our stellar mass estimates show in fact a small shift (0.2 dex) when compared to the Bundy et al. (2006) stellar mass estimates used in George et al. (2011) . These small shifts are common when comparing stellar masses used with different algorithms and settings. Finally morphologies were derived automatically (see Huertas-Company et al. 2013) and visually by two of us (LD and MHC) following the same methodology than for the main sample. The whole COSMOS sample contains 211 galaxies.
(iii) Additional field galaxies in the redshift range 1.1 < z < 1.4 with published sizes, stellar masses and morphologies (Raichoor et al. 2012 ) from the GOODS-CDF-S field (Giavalisco et al. 2004 ) are also considered (GOODS sample in the following).The sample is selected from the public GOODS-MUSIC v2 catalog (Santini et al. 2009 ) and at z850 = 24 mag, the sample is more than 70% complete. We select only red galaxies with 0.75 < i − z < 1.1. All these galaxies have a spectroscopic redshift. We refer to Raichoor et al. (2011) for a detailed description of the selection and for further informations about the completeness of the sample. Stellar masses in the GOODS-S sample were measured with an SED fitting code (different from LePhare) using BC03 stellar population models and a Salpeter IMF (see Raichoor et al. 2011, for details) . To convert into a Chabrier IMF, we applied the following correction: log(M Chabrier ) = log(M Salpeter ) − 0.25 taken from Bernardi et al. (2010) . We have checked that the resulting stellar masses are consistent at 1σ level with the ones obtained with LePhare. Sizes were computed on the HST/ACS z850 image using GALFIT with a fixed sky value previously Figure 6 . Color-magnitude diagram: (r 625 − i 775 ) vs i 775 for RX0152 galaxies, (i 775 − z 850 ) vs z 850 for cluster galaxies between z = 0.9 and z = 1.23, (i 775 − Ks) vs Ks for the highest cluster galaxies at z = 1.39 and z = 1.45. Orange circles with black contours correspond to ETGs with spectroscopic redshift in the cluster used to fit the red sequence (red line). Red dashed lines correspond to the fitted red sequence at ±3σ. Orange circles correspond to the selected ETGs on the red sequence ±3σ. Red squares are for ETGs with spectroscopic redshift in the cluster, but not on the red sequence. Table 4 . Number of galaxies in the final sample of the nine clusters with log(M/M ⊙ ) > 10.5 and z 850 < 24. #ETGs without z: total number of early-type galaxies without spectroscopic redshift on the red sequence (RS) with P (ET G) > 0.5, #ETG with z: total number of early-type galaxies with spectroscopic redshift on the RS with P (ET G) > 0.5, contamination : percentage of spectroscopic confirmed outliers from cluster among ETGs on the RS (number of galaxies), #bad fit: number of ETGs for which Galfit does not converge, #LTGs: percentage of misclassified late-type galaxies by GalSVM (number of clear LTGs + number of uncertain LTGs), #E-S0: percentage of disagreement between visual and automated GalSVM classification of E and S0 galaxies.
derived on a larger stamp centered on the ETG (see section 3 of Raichoor et al. 2012 for for more details on the method). Finally galaxies were visually classified (E/S0 types) in the HST/ACS F850LP images as described in Mei et al. (2012) . This sample contains 17 galaxies.
(iv) Finally, the field sample also contains galaxies in the redshift range 0.7 < z < 1.6 from the CANDELS survey with published redshifts and sizes by Newman et al. (2012) (referred in the following as the CANDELS sample). Sizes were also derived with GALFIT (see Newman et al. (2012) for details) in the optical rest-frame band. We recomptuted stellar masses with LePhare through SED fitting using Bruzual & Charlot (2003) models and a Chabrier IMF in the same way as the cluster sample instead of using the published ones. Galaxies in this sample were selected to be quiescent (SSFR< 0.02 Gyr −1 and no MIPS detection), and have been visually classified by us. The CANDELS sample is complete for stellar masses log(M/M⊙) > 10.52 with a Chabrier IMF and BC03 model (see section 2.4 of Newman et al. (2012) for details). We have 125 galaxies in this sample.
Our final field sample contains 383 galaxies. Details are given in table 5.
RESULTS
Super dense galaxies at z ∼ 1
We study first the fraction of compact objects in the two different environments without morphological selection. Poggianti et al. (2012) measured a clear difference in the fraction of the so-called super dense galaxies (SDGs) in clusters (∼ 20%) and in the field (4%) in the local universe without morphological distinction. We compare our results at high redshift, by taking the same selection for SDGs in the same stellar mass range: Table 5 . Number of field galaxies in the final sample with HCS and COSMOS data, GOODS sample from Raichoor et al. (2012) , and CANDELS sample from Newman et al. (2012) where the mean mass surface density is defined by Σ50 = 0.5M * /πR 2 e , in the stellar mass range 10.5 < log(M/M⊙ < 11.6 with no morphological selection (all figures in this work show only ETGs). For this comparison, we restrict the cluster sample to spectroscopically confirmed members (212 galaxies) to include all morphological types in the selection (not only ETGs), and the field sample is limited to the HCS sample, with 122 galaxies, because it is the only one for which the sample is not selected based on morphology. We find then 67 SDGs live in clusters (32 +4 −3 %) and 26 SDGs in the field (21
The fraction of SDGs in clusters is only 1.5 larger than in the field at z ∼ 1, which is 3 times less than the difference found by Poggianti et al. (2012) in the local Universe. Concerning the morphological properties of SDGs we find that the fractions of late-type SDGs is ∼ 2 times higher in our high redshift sample and comparable to the values measured by Valentinuzzi et al. (2010b) at similar redshifts in the ESO Distant Cluster Survey (White et al. 2005) . Effective radius, Sersic indices, axis ratios and stellar masses of our cluster and field SDGs are consistent within 1σ with the local values of Poggianti et al. (2012) . Table 6 summarizes all the properties of the SDGs found in clusters and in the field compared to the ones reported by Poggianti et al. (2012) in the local universe.
4.2 The mass-size relation of early-type galaxies in clusters at z ∼ 1
From this point we focus only on the passive ETG population. In figure 9 , we show the mass-size relation (MSR) of passive ETGs of the nine studied clusters separately. The figure also shows the best-fit power law model log(R eff /kpc) = κ + β × log(M/M⊙) for each cluster with 10.5 < log(M/M⊙) < 12 and the best fit-parameters are reported in table 7. Even though it is not the main focus of the present work we also show with a blue star in figure 9 , for completeness, the positions in the M * − R ef f plane of the central dominant galaxies (CDGs). CDGs are identified in this work as the closest bright galaxy to the peak of X-ray emission. As expected, these galaxies are among the most massive and largest galaxies in the cluster. We notice that for some of them (i.e. RX0152, RCS2319, XMM1229), the automated fit delivered by galapagos did not converge, so we did a new fit forcing n = 4 while keeping the values obtained with the first fit for the remaining parameters. The brightest cluster galaxies (BCGs) identified in Lidman et al. (in prep.) as the brightest galaxies in the K-band are also marked in the mass-size plane for each cluster (notice that the BCGs selected by Lidman et al. (in prep) in RCS2345 and XMM0223 have a late-type morphology).
The first result is that the slopes of the MSRs of earlytypes galaxies living in clusters are consistent at 1σ up to z ∼ 1.2 being the typical value β = 0.49 ± 0.08 which is also consistent with previous works without environment distinction (e.g, Newman et al. 2012; Cimatti et al. 2012 ).
In the three most distant clusters of our sample we measure a smaller slope β = 0.27 ± 0.06, that might indicate a lack of massive and large ETGs at these higher redshifts. This difference could be due to cluster to cluster variations or a real trend at high redshift but more statistics are required to make a firm conclusion.
We notice that the mass-size relations of XMM2235 and RCS1252 have already been studied in previous works (e.g. Strazzullo et al. 2010 , Rettura et al. 2010 respectively. The results are consistent within the uncertainties expected if one corrects for the different IMFs used.
In the following sections we focus on the environmental dependence of the mass-size relation. For that purpose, we gather all passive ETGs in clusters in three redshift bins (0.7 ≤ z < 0.9, 0.9 ≤ z < 1.1 and 1.1 ≤ z < 1.6) in order to increase statistics and assume that the slope of the relation is constant in that redshit range. We therefore consider 2 clusters in the first bin (RX0152 and RCS2319), 3 clusters in the second bin (XMM1229, RCS0220 and RCS2345) and 4 clusters in the third bin (XMM0223, RDCS1252, XMM2235 and XMM2215).
The mass-size relation of early-type galaxies in different environments
In Figure 10 , we show the mass-size relation of passive ETGs in clusters and in the field in the three different redshift bins described above (0.7 < z < 0.9, 0.9 < z < 1.1 and 1.1 < z < 1.6) and summarize the best-fit parameters using a power-law in table 8. In order to look for differences in the intercepts (κ) of field and cluster mass-size relations, we fix the slope at β = 0.57 (the value measured in the local universe and compatible with our measurements) and perform a new fit. Cluster galaxies tend to present larger intercept values with the difference increasing with redshift. In fact it goes from 9% at z ∼ 0.8 to 23% at z ∼ 1.5. The latter is significant at more than 3σ. This result suggest that cluster red-sequence ETGs are on average larger than field galaxies at fixed stellar mass. We precisely quantify this effect in section 4.4. We emphasize that this result is not in contradiction with the fact that there is a larger fraction of SDGs in clusters since the analyzed populations are different (there is no morphological selection for SDGs). Poggianti et al. (2012) . Figure 9 . Mass-size relation of passive ETGs in clusters. Orange circles with black contour represent galaxies with spectroscopic redshift, red circles are the red sequence sample and the blue stars correspond to the central dominant galaxies we manage to identify whereas the black squares correspond to the BCGs identified by Lidman et al. (in prep.) . The black solid line corresponds to the local relation of Bernardi et al. (2012) and the 1σ standard deviation in black dashed lines. Each red line corresponds to the fit for each cluster sample with the 1σ standard deviation in red dotted line. In the right end corner of each pannel, the black cross represents the median error bar on mass and size.
Size evolution of massive early-type galaxies in different environments
We now focus on the size evolution over the ∼ 2.5 Gyr covered by our data. We will use in the following as primary size estimator the mass-normalized size (γ) as defined by Newman et al. (2012) and Cimatti et al. (2012) :
with M11 = M * /10 11 M⊙ (4) Newman et al. (2012) and blue diamonds are the GOODS sample from Raichoor et al. (2012) . Blue and red lines correspond respectivelly to the fit of the MSR with a fixed slope for field sample and for cluster sample and the dotted lines, the fit ±1σ. The green dash-dotted line corresponds to the surface density threshold : we select super-dense galaxies below that line. Table 7 . Fit parameters of the mass-size relation for each cluster as log(Re/kpc) = κ + β × log(M/M ⊙ ). Table 8 . Fit parameters of the mass-size relation for field and cluster galaxies as log(Re/kpc) = κ + β × log(M/M ⊙ ) with free slope and fixed slope β = 0.57. and β = 0.57
Redshift Environment
By using this quantity we intentionally remove the correlation between Re and M * which could produce spurious differences in the size distributions of different samples if the mass distributions are not identical. This is basically equivalent to follow the evolution of the intercept on the mass-size relation. The β parameter is calibrated on the local mass-size relation and the main assumption we make is that the slope of the relation does not change significantly with redshift which, as shown in the previous section, is consistent with our sample at first level. We notice that our main results are robust against changes in β of around 10 %.
We first show in figure 11 the γ distributions in three redshift bins, in clusters and in the field. In some redshift bin, Kolmogorov-Smirnov (KS) tests present small values (see table 10), but never low enough (P < 0.05), to clearly state that the two distributions are different.
In order to estimate the mean sizes at a given redshift, the size distributions for cluster and field galaxies are fitted with a model in which log(γ) follows a skew-normal distribution, as previously done by Newman et al. (2012) . The best fit models are over-plotted in figure 11 .
This model has the advantage of better describing eventual asymmetries in the size distribution. The skew normal distribution has indeed three parameters: the mean < log(γ) >, the standard deviation σ log(γ) , and a shape parameter s that is related to the skewness:
We then estimate < log(γ) > at a given redshift as the mean of the best fit skew normal distribution, which is given by < log(γ) >= ψ + ωδ 2/π where δ = s/ √ 1 + s 2 . Uncertainties on sizes are then computed by bootstrapping, i.e. we repeat the computation of each value 1000 times removing one element each time and replace it by another, and compute the error as the scatter of all the measurements. Figure 12 shows now the redshift evolution of < log(γ) > for passive ETGs in clusters and in the field with stellar masses above 3 × 10 10 M⊙. Cluster ETGs have mean values of < log(γ) > ∼ 1.5 times larger than field ETGs of the same stellar mass (see also table 9). We notice that the position of the peaks of the distributions of clusters and field galaxies in figure 11 are consistent so we would have not found the same results when considering a symmetric gaussian fit. In fact the difference is explained because the distribution of cluster galaxies is more skewed towards larger values of γ as seen in figure 11 , e.g. cluster ETG show a population skewed towards larger galaxies with respect to the field. In particular, the skewness of the best model fit for cluster galaxies is clearly positive (s ∼ 0.8 for the three redshift bins) while the distribution of field galaxies present a negative skewness (−0. to −0.4). . Distributions of log(γ) of passive early-type galaxies with log(M/M ⊙ ) ≥ 10.5 in the field (blue dashed line) and in clusters (red line) for 3 bins of redshifts. The red line and blue dashed line show the best fit skew normal distribution for cluster and field galaxies respectively. Galaxies in clusters show a population of galaxies with larger sizes that are not found in the field (see text for details).
(2012) and Cimatti et al. (2012) . The discrepancy is slightly larger (∼ 2σ) with Damjanov et al. (2011) who measure γ ∝ (1+z) −1.62±0.34 and a larger zero point. We also show in figure 12 the sizes of ETGs in groups and in the field from Huertas-Company et al. (2013) , which also globally lie on the same relation. The points at z ∼ 0 are computed from the SDSS by cross-correlating the group catalog of Yang et al. (2007) updated to the DR7 and the morphological classification of Huertas-Company et al. (2011) . We select ETGs in the same stellar mass range (M * > 3 × 10 10 ) than the high-redshift sample and compute < γ > with the same methodology. We select as cluster galaxies those living in the most massive haloes (M h /M⊙ > 10 14 ) and field galaxies are selected in the low mass end of the halo mass function i.e. M h /M⊙ < 10 13 (see Huertas-Company et al. 2013 for more details).
Since the difference between cluster and field galaxies is not seen in the local universe, field ETGs follow γ ∝ (1+z) α with α = −0.92 ± 0.04 and cluster ETGs have a value of α = −0.53±0.04 (see table 11 ). The evolutions are therefore different at more than 3σ.
The result is robust to morphological classifications. If we consider cluster and field ETGs visually classified, the small differences in the morphological classifications reported in table 4 and section 2.5 do not change the trends on the size evolution, i.e. the α values from the best fits remain the same within the error bars. Also, when we consider only spectroscopically confirmed members, the result remains unchanged ( fig. 13) . Finally, since the COSMOS sample is shallower than the other samples (see section 3), incompleteness might have an impact in the size evolution. We have thus checked that our results do not change when the COSMOS sample is removed, even if our uncertainties become larger due to lower statistics.
DISCUSSION
Massive ETGs living in massive clusters (M/M⊙ > 10 14 ) at 0.8 < z < 1.5 appear to be on average 1.5 times larger than galaxies of the same stellar mass residing in the field. . Red and blue diamonds show the value of < γ > in the local universe in clusters and in the field respectively (see text for details). Black squares and diamonds are the values in the field an in groups from Huertas-Company et al. (2013) . Blue and red dashed lines show the best-fit model γ ∝ (1 + z) α for field and cluster galaxies respectively. Cluster passive ETGs are on average larger at z ∼ 1 and present a less steep evolution than field galaxies at fixed stellar mass.
Similar results have been obtained by Papovich et al. (2012) on a single cluster at z ∼ 1.6 but no significant difference was measured by Raichoor et al. (2012) Table 10 . Results of Kolmogorov-Smirnoff and Kuiper statistical tests applied to field and cluster ETGs mass-normalized radius distributions for different redshift bins. N cluster and N field indicate respectivelly the number of cluster galaxies and the number of field galaxies in each sample. should be somehow caught up by the galaxies living in the less dense environments to end up with the same size distributions. In figure 15 we compare the distributions of log(γ) in the three redshift bins probed by our sample with the same distribution in the SDSS. Clearly the local distributions for cluster and field galaxies are undistinguishable, peak at larger sizes and are symmetric (e.g. Huertas-Company et al. 2013) . The smallest galaxies have disappeared in the low redshift sample. The small end of the high redshift distribution gradually fills up the peak of the local : there is a transition of the peak of the galaxy distribution from smaller to larger sizes. During this transition phase, the high redshift size distributions are skewed towards larger values and, according to our data, this process has already started in clusters at z ∼ 1, while it is not yet observed in the field.
If at least part of the evolution seen in γ is due to mergers, the difference we see between cluster and field galaxies might reflect the fact that on average cluster galaxies at z ∼ 1 have experienced more mergers than field galaxies at the same epoch, probably during the formation phase of the clusters when velocity dispersions are lower. Since the size evolution from z ∼ 1 to present is then slower in clusters than in the field (as shown in section 4.4), the mechanism that increased sizes of cluster galaxies should drop its efficiency, e.g. cluster galaxy merger rates become lower than in the field due probably to the increase of the galaxy velocity dispersion. If this is true, we should observe that these larger galaxies in high redshift clusters are concentrated in their cores, where in these early epochs dynamical friction and higher densities cause a higher merger rate with respect to their outskirts. In figure 14 , we show that in fact the galaxies which are mainly driving the size difference observed in this work are those living in the central parts of the clusters. Galaxies in the cluster outskirts, which are entering the cluster potential at the epoch of observation (R > R200) indeed have similar sizes than galaxies in the field at the same epoch. This supports the idea that galaxies in the core have been processed at earlier epochs. On the other hand, in the field, the merger rates are known to show little evolution from z ∼ 1 to present (e.g Lotz et al. 2011) , which would explain why the field galaxies would evolve faster than in the clusters. Studying a sample of cluster/groups at even earlier epochs z ∼ 2 should help in answering these questions.
To better understand which galaxies are increasing their sizes in clusters, in fig. 16 we split our sample in two bins of stellar mass (10.5 < log(M * /M⊙) < 11 and log(M * /M⊙) > 11). This threshold is selected since 10 11 M * /M⊙ appears to be a critical mass above which galaxy evolution is expected to be dominated by mergers (e.g. De Lucia et al. 2006; Khochfar & Silk 2011; Shankar et al. 2013 , and references therein) so we might naturally expect that the behavior against environment could differ for these two populations. Interestingly, we find that for the most massive galaxies (M * /M⊙ > 10 11 ) the difference is somehow less pronounced. This might be evidence that very massive galaxies in both environments have experienced similar size growth, even though we have lower statistics in that bin to establish a clear conclusion.
Galaxies with mass 10.5 < log(M * /M⊙) < 11 show larger sizes in clusters. In this mass range, mergers should not be as efficient as for galaxies of higher masses. However, the environmental differences that we observe are driven by these masses, suggesting that other mechanisms might con- Table 11 . Fit parameters of the size evolution of cluster and field ETGs as γ = β × (1 + z) α .
tribute to the size enlargement. In fact, an important point is that the evolution of γ does not measure the individual evolution of galaxies. As several works have pointed out (e.g. van der Wel et al. 2009 , Carollo et al. 2013 ) the evolution we see could be partially or even dominated by the quenching of new galaxies which enter the selection at later epochs. In this case, our results would reflect the fact the quenching is more efficient in the cluster environment, so it happens at earlier epochs. This would explain also why the environmental size differences are larger in the lower mass bin, since they are quenched later than the massive and more efficiently in clusters (e.g., Thomas et al. 2005) . It is unclear how and why we reach a perfect match between the size distributions in the two environments at z ∼ 0, and what happens at z < 1 . Huertas-Company et al. 2013 have shown that in the COSMOS field, there are not significant differences in the mass-size relation and size evolution of galaxies in groups and in the field. However, for a DEEP2 field spectroscopic sample, Cooper et al. (2012) found that larger galaxies with high Sersic index (n > 2.5) preferentially live in dense environments (defined as the number of neighbors).
SUMMARY AND CONCLUSIONS
We have studied the mass-size relations as well as the size evolution of 319 passive ETGs with log(M/M⊙) > 10.5 living in nine well-known rich clusters between z = 0.8 and z ∼ 1.5. The sample is 80% complete. This is the largest sample of cluster galaxies at those redshifts used for that kind of study. The results are compared with the ones obtained on a sample of 382 field ETGs in the same mass and redshift range.
Our main results are summarized in the following:
• The slopes of the mass-size relations of ETGs in clusters do not change significantly up to z ∼ 1.2 being the typical value β = 0.49 ± 0.08 which is also consistent with previous works at lower redshifts without environment distinction. Our results are in favor of a very mild evolution of the slope of the MSR of early-type galaxies from z ∼ 1.2 independently of the environment. For the three clusters at z > 1.2, we measure β = 0.27 ± 0.06, that might indicate a lack of massive and large ETGs at these higher redshifts.
• The zeropoint of the MSR changes with time. Cluster ETGs with log(M * /M⊙ > 10.5) roughly doubled their median size from z ∼ 1.5. Our results are in agreement with previous published results without environment distinction.
• Cluster red-sequence ETGs have mass normalized sizes γ ∼ 1.5 times larger than galaxies in the field and show a less steep evolution with evolution coefficients −0.53 ± 0.04, −0.92 ± 0.04 for clusters and field, respectively.
In future work we will carefully confront our observational results with detailed model predictions (Shankar et al., in prep.) .
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APPENDIX A: CLUSTER SAMPLE
• RX J0152-1357 (hereafter, RX0152) at z = 0.84 was discovered in the ROSAT Deep Cluster Survey (RDCS; Rosati et al. 1998; Della Ceca et al. 2000) as an extended double core X-ray source. Demarco et al. (2005 Demarco et al. ( , 2010 confirmed spectroscopically 134 galaxies as cluster members. The velocity dispersion of the the most massive of the central sub-clusters is σ ∼ 920 km/s (Demarco et al. 2005) . Its virial mass derived from the X-ray measurement is M200 = 7.3 • RCS 2319+0038 (hereafter, RCS2319) at z = 0.91: The clusters with the RCS prefix were observed in the context of the Red-sequence Cluster Survey (RCS) (Gladders & Yee 2005) . The virial mass derived from the X-ray measurements of Hicks et al. (2008) is M200 = 5.4 +1.2 −1.0 ×10 14 M⊙. RCS2319 was observed with ACS WFC in the i775 and z850 bandpasses in May 2006 with a total exposure time of 2400 s and 6800 s, respectively. The NIR images were acquired in the Jsband using ISAAC on Melipal (VLT-UT3; Moorwood et al. (1998a) ) in July 2003 with an average PSF width of 0.63" and in the Ks-band using HAWK-I in November 2009, with a PSF width of 0.47". We have 11 spectroscopic confirmed members (Gilbank et al. 2008 (Gilbank et al. , 2011 Meyers et al. 2010 ).
• XMMU J1229+0151 (hereafter, XMM1229) at z = 0.98 was initially detected in the XMM-Newton Distant Cluster Project (XDCP, Böhringer et al. 2007; Fassbender et al. 2007 ). This clusters is a rich, hot and X-ray luminous galaxy cluster (Santos et al. 2009 The size difference between cluster and field galaxies is mainly driven by the galaxies living in the central parts of the clusters. Figure 15 . Distributions of log(γ) in three different redshift bins as labelled, for cluster and field galaxies in our sample (red and blue solid lines respectively) as compared to the distribution of galaxies at z ∼ 0 from the SDSS in clusters and in the field (dashed-dotted red and blue lines respectively).
spectroscopically confirmed with the VLT/FORS2 spectrograph (Santos et al. 2009 ). In the framework of the Supernova Cosmology Project (Dawson et al. 2009 ), we obtained ACS/WFC images in the i775 and the z850 bandpasses in December 2005, for total exposures of 4110 s and 10940 s, respectively. NIR imaging in the J-band was acquired using SOFI (Moorwood et al. 1998b ) at the New Technology Telescope (NTT) at the ESO/La Silla observatory in March 2007, whereas the Ks-band imaging was acquired using HAWK-I in January 2010. The J-band data have a PSF width of 0.98" and the K-band have a PSF width of 0.41". This cluster was also observed in the F 160W bandpass with the WFC3 on HST in May 2010, with a PSF width of 0.3", and a pixel scale of 0.1282 ′′ /pixel.
• RCS 0220-0333 (hereafter, RCS0220) at z = 1.03 is an optically rich cluster at z = 1.03 with 14 spectroscopic confirmed members Gilbank et al. 2011) . The weak-lensing mass of the cluster is M200 = 4.8 ). This cluster was observed with ACS/WFC in the i775 and z850 bandpasses in 2005 with a total exposure of 2955 s and 14420 s, respectively. The NIR images were acquired in the Js-band using ISAAC in October 2002, with a PSF width of 0.47" and in the Ksband using HAWK-I in January 2010, with a PSF width of 0.35".
• RCS 2345-3633 at z = 1.04 RCS 2345-3633 is an optically rich cluster at z = 1.04 with 23 spectroscopic confirmed
• XMMXCS J2215-1738 (hereafter, XMM2215) at z = 1.45 was the highest redshift cluster spectroscopically confirmed (Stanford et al. 2006 ) until the recent discovery of ClG J0218-0510 at z = 1.62 (Papovich et al. 2010; Tanaka et al. 2010) . The virial mass from X-ray measurement is M200 = 2.0 The total exposure times are 3320 s and 16935 s, respectively. NIR imaging in Js-and Ks-band were taken using HAWK-I in September and October 2009 with a PSF width of 0.54" and 0.43" respectively. 52 cluster members were spectroscopically confirmed by (Hilton et al. 2010) .
